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In this work, a groundwater monitor section along the Tarim Desert Highway was set up, and the 
groundwater level data were recorded. The temporal and spatial fluctuations of the groundwater level 
were analyzed based on the groundwater level measurements, hydrologic data, the groundwa-
ter/surface water interconversion theory and the groundwater dynamics. The spatial distribution of 
groundwater is mostly affected by sand dune height and landform variation. The four primary temporal 
influence factors of groundwater level can be ordered in decreasing significance as: shelterbelt 
pumping > vertical leakage > river flow change > runoff replenishment. The runoff replenishment has 
the biggest influence range, and the shelterbelt pumping has the smallest influence range. The 
groundwater level fluctuates annually in a natural pattern. 
Tarim Desert Highway, groundwater level, temporal and spatial variation 
The groundwater plays a very significant role in the 
ecosystem of the drought and semiarid zone region in 
northwest China. It is the vital local water source for 
industry, agriculture, as well as wildlife. The groundwa-
ter in the hinterland of the Taklimakan Desert had re-
mained largely undeveloped until the construction of the 
Tarim Desert Highway shelterbelt in 2005. Since then, 
the regional groundwater has been readily exploited 
throughout the desert along the highway, and the related 
issues have received extensive attention. 
The groundwater dynamics reflects the response of 
the groundwater system to external factors such as cli-
mate and human activities[1―3]1). The fluctuation in the 
groundwater level is also an important indicator of the 
ecology and the hydrology of the arid region. An ade-
quate groundwater level (ecology water level) is critical 
to the growth of the non-zonality mesophyte and inter-
mediate xerophytes[4,5]. In this work, a groundwater  
 
monitor section along the Tarim Desert Highway was  
set up, and the groundwater level was systematically 
recorded. The temporal and spatial fluctuations of the 
groundwater level were analyzed, and the patterns of the 
fluctuations were rationalized. This work offers a scien-
tific basis for the maintenance of the Tarim Desert 
Highway shelterbelt, and provide a valuable insight into 
the regional ecology and hydrology. 
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1  General situations of the research area 
The Taklimakan Desert is located in the middle of the 
Tarim basin. The Tarim Desert Highway cuts across it 
(Figure 1). The peripheral mountain area is the forma-
tion region of the basin water resources. The alluvial 
plain and the flood plain in front of mountains is the 
phreatic recharge and discharge area. The desert in the 
middle is the phreatic runoff discharge area, and the Lop 
Nor Lake basin in the east is the phreatic confluence 
hub[6]. In the desert area, the phreatic flow is basically 
from south to north, and turns east at the Tarim alluvial 
plain. The ultra-thick sand bed in the desert is favorable 
for the accumulation of groundwater. The groundwater 
is the Quaternary loose pore water. The rivers close to 
the desert highway are the Tarim River (north of high-
way), the Niya River, the Yatonggusi River and the 
Andiel River (south of the highway). The three rivers in 
the south of the highway are the few rivers that flow into 
the desert. As a result of upstream water usage, influent 
seepage along the river, evaporation and dissipation, 
they eventually disappear in the middle of the desert. 
Previous research has shown that atmospheric pre-
cipitation and sweating basically does not contribute to 
the groundwater supply in the desert hinterland[7]. The  
replenishment of the groundwater comes mostly from 
the very slow runoff influent formed along the landform 
variation after the glacier and perpetual snow on the pe-
ripheral mountains melt and infiltrate underground at the 
mountain pass. The replenishment also comes from the 
lateral seepage from the channels inside the desert dur-
ing flood season. The discharge of groundwater in the 
desert is mostly the vertical drainage during the entire 
slow runoff process, while some minor undercurrent 
drainage into the Tarim River alluvial plain also takes 
place. The groundwater pumping from the 108 water 
source wells along the Tarim Desert Highway is also 
another discharge pathway. 
The groundwater quality at the Tarim Desert High-
way is very poor. The mineralization is 3―10 g/L in 
most southern desert regions, and >10 g/L in the north 
and the east. The groundwater contains mainly Na+, 
Ca2+, SO4
2−, and Cl−. The influent seepage width is small 
in the desert, and the dilution width is usually 200―500 
m[3,7―10]. 
2  Materials and methods 
2.1  The monitor section 
The groundwater monitor section “AB” is shown in Fig- 
 
 
Figure 1  The major rivers and the observation sections in the research area. 
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ure 1. In June 2003, 26 groundwater monitor wells were 
set up, and another 9 wells were added in June 2005. 
The wells were numbered from H1 to H35. The AB ob-
servation section cuts across the Taklimakan Desert in 
the north-south direction, the north end is at 11 km south 
of Xiaotang, and the south end is at the K532km mark 
on the desert highway, 7 km away from the downstream 
of the Niya River. In June 2005, the east-west section 
“CD” was set up in the ancient channel area at the 
downstream of the Yatonggusi River and the Andir 
River. It is perpendicular to the Yatonggusi River down-
stream and has 10 monitoring wells. The well Y-H1 
(83.192°E, 37.913°N) is the closest (1 km) to the Ya-
tonggusi River, and the well Y-H9 (83.052°E, 37.926°N) 
is the farthest (13.5 km) from the Yatonggusi River. 
2.2  Monitor well structure 
Since sand deposition is common in the water probe 
observation wells with basal water inlet, the groundwa-
ter monitoring wells were made of hard PVC pipes. A 
filter was set up below the groundwater level, a 
5-cm-thick layer was packed around the filter by 5 mm 
gravel , and the bottom of the well pipe was sealed. The 
primary concern in this work is the dynamic change of 
the phreatic level, therefore the water level refers to the 
distance between the well head and the underground 
water table. 
2.3  Measurement of underground water level and 
data processing  
The water level was measured by releasing a probe con-
nected with a multimeter by dual-cable wire into the well 
pipe. The multimeter was switched to the resistance shift. 
When the probe touched the water table, the cable was 
marked at the height of the well head, and the distance 
between the mark and the probe was measured after re-
trieval. Only the relative variation of the underground 
water table was considered due to the difficulty in the 
measurement of the absolute elevation. 
The Tarim Desert Highway shelterbelt project draws 
groundwater mainly from March to November. In order 
to reflect the variation of water table in this period, the 
water table measurements of all observation wells were 
made in March, May, July, September and November. It 
takes 2―3 days each time to complete the measure-
ments of all wells due to the dispersed locations of the 
wells. It is difficult to compare the water table data di-
rectly because the variation in the water table is small 
and the wells are very far from each other. Therefore, for 
each well, the subtraction of the nth observation Hn data 
from the initial observation data H0 gave the relative 
water level at the nth observation (H0−Hn). The relative 
water level data were then statistically analyzed with the 
river discharge and hydrogeology data, and the variation 
of groundwater level was rationalized. 
3  Results and analyses 
3.1  Spatial distribution of groundwater level  
The monitor wells are generally located at the flat ridge 
and the dune transition belt, instead of the dune top. The 
water level profile along the desert highway was sum-
marized (Figure 2). The water flew on the AB section 
from B to A (WS→EN). The water table was dependent 
on the topography trend, and formed a slope on the 
monitor section that was high in the south and low in the 
north. The average hydraulic slope (I ) of the monitoring 
section was 1.037‰. According to the pumping test data 
from groundwater exploration, the permeability coeffi-
cient (K) of the groundwater along the Tarim Desert 
Highway was on average 1.59 m/d. The average seepage 
velocity (V ) of the groundwater was calculated to be 
1.65 mm/d by eq. V = KI (Darcy’s law). Therefore, the 
groundwater flow along the Tarim Desert Highway is 
slow. The underground water table along the Tarim De-
sert Highway changes very gently, and the water level is 
relatively stable. The groundwater depth between dune 
ridges is generally shallow: the minimum is only 1.31 m, 
the maximum 13.88 m, the average 4.27 m, and the 
standard deviation 2.98.  
Based on the data from the water source wells No. 68, 
No. 69, No. 70, No. 71 in the desert highway shelterbelt, 
a regional hydrogeology profile at the south of the desert 
highway was visualized (Figure 3). The >100 m strata 
consist of solely Quaternary single silty sand. The depth 
of water table was 17―40 m at dune top but 3.2―6.0 m 
at dune ridge. Therefore, the groundwater depth is 
mainly determined by the landform and the dune height. 
3.2  Temporal fluctuation of groundwater  
3.2.1  Intraannual variation of groundwater level in 
section AB.  The groundwater level data of the monitor 
wells at >1 km away from water source wells in 2005 
and 2006 were analyzed (Figures 4 and 5). In 2005, the 
water level of 6 wells rose slightly at an average of 8 
mm, and the biggest rise was 2 cm. The water level of  
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Figure 2  The spatial distribution of groundwater level in section AB. 
 
 
Figure 3  The hydrogeologic profile in the south part of the Tarim Desert Highway. 
 
 
Figure 4  The groundwater level of section AB in 2005. 
 
the other 6 wells dropped at an average of 3.6 cm, and 
the biggest drop was 8.2 cm. In 2006, the groundwater 
level of all monitor wells dropped at an average of 4.7 
cm, and the biggest drop was 7.7 cm. 
3.2.2  Annual variation of groundwater level in section 
AB.  The data of monitor wells H4, H8, H14, H21 and 
H29 from 2003 to 2007 was selected. These wells are >1 
km away from water source well. The fluctuations of the 
average groundwater level of each well in each year 
were analyzed (Figure 6). 
Compared with 2003 when the shelterbelt was not yet 
planted, in 2004 the groundwater level of H29 rose, but 
the groundwater level of all other monitor wells dropped 
up to 39 cm. In 2005, the water level of all monitor 
wells dropped up to 10 cm. In 2006, the water level of 
all monitoring wells except H29 dropped up to 15 cm. In  
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Figure 5  The groundwater level of section AB in 2006. 
 
 
Figure 6  The annual variation of the groundwater level of section AB. 
 
2007, the water level of H29 was still rising, and the 
water level of all other wells dropped up to 18 cm. 
3.2.3  Dynamics of groundwater level in section CD. 
According to the dynamic groundwater level in section 
CD (Figures 7 and 8), in 2005, the water level of 4 
monitor wells rose up to 4.8 cm, and the water level of 
the other 5 monitor wells dropped up to 3.3 cm. In 2006, 
the groundwater level of most monitor wells dropped. In 
September, the groundwater level of only Y-H2 and 
Y-H9 were on the rise, and the groundwater level 4 
monitor wells almost reached the wave trough. In No-
vember, the water level of 5 monitor wells started to 
recover, while the water level of other wells were still on 
a decline. 
3.3  Influence factors of groundwater level 
The influence factors of the groundwater level are: water 
source well pumping, vertical discharge, river flow 
change and underground runoff recharge. 
3.3.1  Water source well pumping.  When water is 
pumped from the aquifer, a funnel-shaped water table is 
formed around the pumping source well. The water level 
drawdown of the monitor well is inversely proportional 
to its distance from the pumping well. After extensive 
pumping, because the funnel volume has increased, the 
funnel-shaped water table remains relatively stable, and 
the radius of the funnel at this state is considered as the 
“radius of influence”[11]. According to previous hydro-
logic survey data, the radius of influence (R) was deter-
mined by multi-hole pump water experimental plotting 
method to be 110 m[8]. The aquifer along the Tarim De-
sert Highway is mainly fine sand layer, and the aquifer 
of the inter-channel plain is finer. The radius of influ-
ence is 25―200 m according to empirical data[12]. In 
this area, the groundwater level is affected by pumping 
and fluctuates at a higher magnitude (0―50 cm) com-
pared with other regions (Figure 9) in no apparent pat-
tern. The discrepancy in pumping time and monitor time 
leads to the absence of apparent pattern. Within the ra-
dius of influence, the water level exhibits characteristic 
water mining dynamics. 
3.3.2  Vertical discharge.  The water table fluctuation 
is notable in some wind depression areas, hardening 
sand lands, and the flat sandy land in dune ridges with 
high groundwater level. Evaporation and replenishment 
cause the groundwater level to drop and rise, and lead to 
the migration of moisture, heat and salinity[13]. The 
evaporation potential is greater at higher water table. 
The rising capillary height of fine sand and powder sand 
is generally 1.2―1.5 m in the desert hinterland[8]. The 
evaporation potential decreases at increased water table 
depth, and the decrease is most evident when the water 
table is <2 m deep. In the research area, the wells sensi-
tive to vertical drainage are: H7 (84.335°E, 40.259°N, 
depth 1.62 m), H8 (84.338°E, 40.242°N, depth 1.85 m), 
H15 (83.983°E, 39.565°N, depth 1.99 m), H16 
(83.978°E, 39.557°N, depth 1.42 m), H20 (83.566°E, 
38.963°N, depth 1.87 m), H26 (83.232°E, 38.451°N, 
depth 1.31 m), and H33 (82.875°E, 37.508°N, depth  
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Figure 7  The groundwater level of section CD in 2005. 
 
 
Figure 8  The groundwater level of section CD in 2006. 
 
 
Figure 9  The groundwater level in the areas influenced by pumping. 
 
1.95 m). The average water table fluctuation of these 
wells was 6.7 cm, and H15 had the biggest fluctuation of 
9.5 cm. 
As the water table changes, the groundwater controls 
the vadose zone water and the near-surface atmospheric 
water in a small area. In the desert where evaporation is 
strong and rainfall is scarce, most water that the plants 
live on is in the feedback process between the earth sur-
face and the phreatic water[14,15]. Therefore the changes 
in the water table of this area cannot be ignored. 
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3.3.3  The river flow change.  According to the data 
of the Tarim River, Niya River and other rivers in the 
study area, the river flows are influential to the water 
table. The wells close to the Tarim River are: H2 
(84.294°E, 40.716°N, about 20 km away from the Tarim 
River), H4 (84.312°E, 40.585°N, about 30 km away 
from the Tarim River), H5 (84.334°E, 40.407°N, about 
50 km away from the Tarim River), H7 (84.335°E, 
40.259°N, about 70 km away from the Tarim River), 
and H8 (84.338°E, 40.242°N, about 80 km away from 
the Tarim River). According to the water table data of 
these monitor wells (Figure 10) and the midstream flow 
of the Tarim River, the peak value of the water table was 
in March 2006, but the peak value of the Tarim River 
flow was at mid-August 2006. Only the water table of 
H2 rose when the Tarim River reached peak flow. There-
fore, the Tarim River flow has little effect on the water 
table at the section south of H2. 
The H2 north region is flat, lower than the Tarim 
River and the H2 south region. The hydraulic gradient is 
small, and the groundwater flow is slow. The peak value 
of water table was in March, which is the dry season of 
the Tarim River. The groundwater level rise was thus 
due to the flood supply from the preceding year, after 
which the water table declined again. In the flood reason, 
the water table rises due to the massive infiltration[16―18]. 
According to the flow data from the Niya River hy-
drometric station[19]1)(82.633°E, 36.833°N, at the town 
of Niya, Minfeng County, catchment area 675 km2) and 
the water table data of H32 (82.896°E, 37.645°N, 8 km 
away from the Niya River) and H34 (82.850°E, 
37.443°N, 6 km from the Niya River) monitor wells, the 
Niya river has a significant impact on the groundwater. 
The water level of H32 and H34 fluctuate in the same 
pattern as the Niya River flow (Figure 11). The peak 
value of H32 water level was in March 2006, the peak 
value of H34 water level was at May 2006, but the Niya 
River peak flow was in July. According to the water 
waveform, the wave peak of H32 was moving towards 
H34. The seasonal fluctuation of the river flow impacts 
more significantly and immediately on the water level of 
the wells closer to the river. The peak flow of the Niya 
River was 2―4 months apart in time from the regional 
peak groundwater level, which indicated the Niya River 
was an important supply source of the regional ground-
water. 
In addition, the Yatonggusi River is also a very im-
portant surface water that links the peripheral ground-
water. Due to insidiousness blowups, the groundwater 
runoff is transformed into the river and then flows into 
the desert[20]. Becauseof insufficient flow data of the 
Yatonggusi River, the flow data of the Niya River was 
used to rationalize the relationship between the “CD” 
Section phreatic water level and the Yatonggusi River 
flow. The pattern of groundwater level fluctuation is 
relatively consistent at different locations (Figure 12).  
 
 
Figure 10  The groundwater level and the mean monthly runoff of the Tarim River. 
                    
1) Xinjiang General Hydrometric Station. Water Year Book of PRC, Hydrological Data for Inland Rivers and Lakes in South of Tianshan Mountain Re-
gion, Xinjiang (in Chinese). Urumqi (1946―1989) 
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Figure 11  The groundwater level and the mean monthly runoff of the Niya River. 
 
 
Figure 12  The groundwater level and the mean monthly river’s runoff of section CD. 
 
The peak river flow is in July, and the flood subsides in 
August. The water stored at the river bank then re-
charges the aquifer[21], and the groundwater is recovered 
and reaches peak level in February and March. The-
groundwater is recharged periodically by the river water 
and is dependent on the river flow. The groundwater 
level is at wave trough when the river flow is at wave 
crest (Figure 12). 
The groundwater level dynamics near the river is lim-
ited by the river feeding width. It is associated with re-
gional hydrology and geology, river way run-off, time of 
water passage, peak flow, etc.[22―24], and needs to be 
further investigated. 
3.3.4  Underground runoff recharge.  According to 
Li et al.[20], the Taklimakan Desert can be divided into 
two sedimentary areas at the Tarim Desert Highway 
marker K200m (40°N). The south sedimentary area 
enveloped the central Tarim basin and the desert hin-
terland, and contains the ancient and modern allu-
vial-diluvial flood plain formed by the water systems 
from the north slope of the Kunlun Mountains. The 
groundwater is mostly affected by the phreatic 
side-direction runoff recharge of the Kunlun Mountains 
piedmont plain. The north sedimentary area contains 
the ancient and modern flood plain formed by the 
Tarim River submersion, and the groundwater is af-
fected by the Tarim River water system and the 
groundwater recharge from the Tianshan plain. 
According to the apparent resistance potential, the 
apparent resistance gradient and the spontaneous poten-
tial of the 108 water source wells along the Tarim Desert 
Highway, there is no continuous impermeable layer in 
120 m sideway along the Desert Highway. Quaternary 
system singleness silty sand was main body. The shal-
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low groundwater exists in the form of phreatic water. In 
the desert hinterland, the groundwater is the long-term 
storage of the underground runoff seepage. This 
groundwater is away from modern rivers and does not 
receive atmospheric precipitation, thus circulating only 
through seepage and evaporation. The fluctuation in 
water level was the smallest, mostly within a few centi-
meters. This groundwater is relatively stable but also 
vulnerable due to long recharge track, low flow speed 
and difficult regeneration. The groundwater of most ar-
eas in the middle part of the Tarim Desert Highway is 
affected by the runoff seepage and fluctuates in response 
to natural conditions. 
4  Conclusions 
(1) The dune height is the most important influence fac-
tor on the groundwater burial depth along the Tarim 
Desert Highway shelterbelt. It is noteworthy that in mo-
bile desert, the frequent landform change results in fre-
quent changes in the groundwater burial depth, while the 
groundwater level changes little unless the groundwater 
burial becomes drastically shallow to allow strong 
phreatic evaporation. Therefore, the change in landform 
affects the phreatic water burial depth but not the 
phreatic level. 
(2) The major influence factors on the groundwater 
level along the Tarim Desert Highway are: water source 
well pumping, vertical discharge, river flow change and 
underground runoff recharge. The magnitude of the  
groundwater level change lies in the order of: shelterbelt 
pumping > evaporation discharge > river flow change > 
runoff replenishment. The results show that shelterbelt 
pumping has the most significant influence on the 
groundwater level, but the least influence range. The 
evaporation discharge has a larger influence range. 
There are many dune ridges and wind-erosion depres-
sion areas with a groundwater burial depth less than 2 m 
along the Tarim Desert Highway. The river flow change 
can affect the groundwater level only within the width of 
riverbed supply, and the effect is reduced as the distance 
to the riverbed increases. The runoff replenishment has a 
very weak effect on the groundwater level. The runoff 
replenishment is received by most areas in the desert and 
thus has the largest influence range on the groundwater, 
but it affects the groundwater level in the least magni-
tude due to the weak external driving force. 
(3) The groundwater level along the shelterbelt fluc-
tuates annually. The water level of H8 fluctuated sig-
nificantly as a result of vertical drainage, whereas all 
other observation wells had no obvious change. Most 
observation wells exhibited a decline of the groundwater 
level in a waving pattern. The water levels of most ob-
servation wells were at wave trough in 2004 and at wave 
crest in 2005, and relatively unchanged in 2006 and 
2007. According to the current groundwater dynamics, 
the shelterbelt pumping has a small influence range, and 
the fluctuation of the groundwater level along the Tarim 
Desert Highway is primarily resulted from natural fac-
tors rather than human factors. 
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